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Clinical Significance of Preoperative Inflammatory 
Parameters in Gastric Cancer Patients 

Deuk Young Lee, Seong Woo Hong, Yeo Goo Chang, Woo Yong Lee, and Byungmo Lee 

Department of Surgery, Inje University Seoul Paik Hospital, Seoul, Korea 



Purpose: Chronic inflammation induces cancer and cancer induces local tissue damage with systemic inflammation. Therefore, the aim 
of this study is to investigate the potential relationship between the severity of inflammation and prognosis in cancer patients. 
Materials and Methods: This study enrolled 220 patients from January 2002 to December 2006 who underwent gastric surgery. We 
evaluated the relationship between preoperative inflammatory parameters (erythrocyte sedimentation rate, neutrophil-to-lymphocyte ra- 
tio) and other clinicopathological factors. Survival outcomes were compared according to the extent of inflammation. 
Results: Significant elevation of erythrocyte sedimentation rate was related with old age, increased neutrophil-to-lymphocyte ratio, de- 
creased hemoglobin, increased carcinoembryonic antigen, increased tumor size and advanced TNM stage. Neutrophil-to-lymphocyte 
ratio was significantly correlated with old age, increased erythrocyte sedimentation rate and advanced TNM stage. In the univariate 
analysis, elevated erythrocyte sedimentation rate and increased neutrophil-to-lymphocyte ratio had significantly poorer survival than 
those without elevation (all P<0.05). However, the multivariate analysis failed to prove erythrocyte sedimentation rate and neutrophil-to- 
lymphocyte ratio as independent prognostic factors. 

Conclusions: The elevation of erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio were correlated with poor prognosis in 
the univariate analysis and there was a strong correlation between inflammatory parameters (erythrocyte sedimentation rate and neutro- 
phil-to-lymphocyte ratio) and tumor progression. Thus, erythrocyte sedimentation rate and neutrophil-to-lymphocyte ratio are considered 
useful as follow-up factors. 
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Introduction 

Gastric cancer is one of the most common malignancies and 
the third leading cause of cancer-related deaths in men and the 
second leading cause of cancer-related deaths in women in Korea. 1 
Several studies have shown the close relationship between gastric 
cancer and chronic inflammation, and the pathogenesis of gastric 
cancer presents as an iriflammation-driven malignancy.' Persistent 
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infectious agents in the host induce chronic inflammation, which 
result in repeated cycles of cell and DNA damage and promote the 
growth of malignant cells. 3 Although the exact mechanism is not 
clear, several articles suggested that tumor could induce inflamma- 
tion in the host. 4 Growth and invasion of the cancer induces local 
tissue damage and causes systemic acute phase response. 4 So based 
on the fact that there is a close relationship between inflammation 
and cancer progression, 5 " we hypothesized that the progression of 
inflammation reflects the progression of cancer and predicts the 
prognosis of patients with cancer. 

C-reactive protein (CRP) and erythrocyte sedimentation rate 
(ESR) are widely used as biomarkers for inflammation. There are 
several studies on the relationship between CRP and gastric can- 
cer, 9,10 but very few studies on ESR and gastric cancer. 11 Recently, 
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with regards to the correlation between inflammation and progno- 
sis of cancer patients, many studies on neutrophil-to-lymphocyte 
ratio (NLR) have been performed. 6 ' 7 

So, in our series, we analyzed the correlation between inflam- 
matory parameters (ESR and NLR) and other clinicopathologic 
factors (Gender, Age, hemoglobin [Hb], carcinoembryonic antigen 
[CEA], CA19-9, tumor size and TNM stage). Second, we studied 
the clinical significance of ESR and NLR as prognostic indicators 
in gastric cancer patients. 

Materials and Methods 

1. Patients 

We retrospectively analyzed 258 consecutive patients from Janu- 
ary 2002 to December 2006, who had been operated on for gastric 
cancer. Among them, 38 patients who had palliative operations or 
data loss were excluded. Therefore, 220 patients were enrolled in 
this study. The Institutional Review Board of Seoul Paik Hospital 
approved this study (IIT-2012-360). 

Pathologic staging was based on the TNM staging system of the 
American Joint Committee on Cancer (AJCC), 2010. 

2. Measurement of serum samples 

The measurement of serum ESR white blood cell (WBC) count 
and tumor markers (CEA and CA19-9) were performed preop- 
eratively. ESR was assessed by the modified Westergren method, 
which was done by transferring 0.8 ml of potassium-ethylenedi- 
aminetetraacetic acid (EDTA) blood into a vial containing a defined 
amount of 3.8% sodium citrate (0.2 ml) solution. The upper limit of 
normal for ESR was 10 mm/h in men and 20 mm/h in women. 

Absolute neutrophil count (ANC) was derived by multiplying the 
WBC count times the percentage of neutrophils in the differential 
WBC count. Absolute lymphocyte count (ALC) was calculated by 
multiplying the WBC count times the percentage of lymphocytes. 
The NLR was defined as the ANC divided by the ALC. The cut 
off value for NLR was 2.15 (the 75th percentile). 

Serum concentrations of CEA and CA19-9 were measured us- 
ing a radioimmunoassay analysis. The cut off values for CEA and 
CA19-9 were 5 ng/ml and 37 U/ml. 

3. Statistical analysis 

Chi-square test was performed to evaluate the relationship 
between ESR and NLR and other clinicopathological factors. Cu- 
mulative survival curves were created using the Kaplan and Meier 
method. The log-rank test was used to compare the differences 



between survival curves according to variables. We used a Cox 
proportional hazards model for the multivariate analysis to establish 
the independent prognosticators. Data were analyzed by using sta- 
tistical software (SPSS 15.0; SPSS Inc., Chicago, IL USA) and P< 

0. 05 was considered statistically significant. 

Results 

1. Patient characteristics 

Patients ranged in age from 23 to 89 years (mean age: 57 years), 
with 149 (67.7%) men and 71 (32.3%) women. Total gastrectomy 
and subtotal gastrectomy were performed on 88 and 132 patients, 
respectively. One hundred and seven patients had early gastric can- 
cer and 113 patients had advanced gastric cancer (Table 1). 

ESR was checked in 220 patients. 75 patients had an elevated 
preoperative ESR and 145 did not. The median value was 13.26 
mm/h (range, 1~138 mm/h). 

Fifty-six patients had an increased NLR (>2.15), and 164 pa- 



Table 1. Characteristic of gastric cancer patients 



Variable 




Number of patient 


Gender 


Male 


149 




Female 


71 


Age (year) 


>60 


107 




<60 


113 


Gastrectomy 


Total 


88 




Subtotal 


132 


Tumor stage 


EGC 


107 




AGC 


113 


ESR 


Increased 


75 




Normal* 


145 


NLR 


>2.15 


56 




<2.15 


164 


Hb(g/dl) 


<13 


90 




>13 


130 


CEA (ng/ml) 


>5 


22 




<5 


195 


CA19-9 (U/ml) 


>37 


22 




<37 


195 


Tumor size (cm) 


>5.5 


59 




<5.5 


161 



ESR = erythrocyte sedimentation rate; NLR = neutrophil-to- 
lymphocyte ratio; Hb = hemoglobin; CEA = carcinoembryonic 
antigen; EGC = early gastric cancer; AGC = advanced gastric cancer. 
*Below 10 mm/h in men and 20 mm/h in women. 
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Table 2. Correlation between clinicopathological factors and ESR 



Table 3. Correlation between clinicopathological factors and NLR 



ESR 



Characteristic 



- P- value* 



NLR 



Characteristic 



P- value* 







Normal* 


Increased 








Normal* 


Increased 




Gender 


Male 


91 (62.8) 


58 (77.3) 


0.28 


Gender 


Male 


110 (67.1) 


39 (69.6) 


0.722 




Female 


54 (37.2) 


17 (22.7) 






Female 


54 (32.9) 


17 (30.4) 






>60 


58 (40.0) 


49 (65.3) 


<0.001 


AffP fvPP.t*i 

& V; c<u / 


>60 


72 (43.9) 


35 (62.5) 


0.016 




<60 


87 (60 01 


26 (34.7) 






<60 


92 (56.1) 


21 (37.5) 




NLR 


>2.15 


27 (18.6) 


29 (38.7) 


0.001 


ESR 


Increased 


46 (28.0) 


29 (51.8) 


0.001 




<2.15 


11 8 (81 4) 

XXL? IUIiTI 


46 (61.3) 






Normal* 

L N Ul lllul 


1 1 8 ill 0) 


27 (48 21 




Hb (o/d\) 


<13 


46 (31.7) 


44 (58.7) 


<0.001 


xiu vjy U V 


<13 


68 (41.5) 


22 (39.3) 


0.775 




>13 


99 (68.3) 


31 (41 31 






>13 


96 (58.5) 


34 (60.7) 




CPA fng/ml) 

vvlji V yllti/ 1111 J 


>5 


9 (6 3) 


13 (17.6) 


0.009 


CFA fnp/ml) 

Vjijj x ^nt;/ nil y 


>5 


13 (8.0) 


9 (16 7) 


0.067 




<5 


134 (93.7) 


61 (82.4) 






<5 


150 (92.0) 


45 (83.3) 




CA19-9 (U/ml) 


>37 


12 (8.4) 


10(13.5) 


0.236 


CA19-9 (U/ml) 


>37 


14 (8.6) 


8 (14.8) 


0.189 




<37 


131 (91.6) 


64 (86.5) 






<37 


149 (91.4) 


46 (85.2) 




Tumor size (cm) 


>5.5 


32 (22.1) 


27 (36.0) 


0.027 


Tumor size (cm) 


>5.5 


39 (23.8) 


20 (35.7) 


0.082 




<5.5 


113 (77.9) 


48 (64.0) 






<5.5 


125 (76.2) 


36 (64.3) 




TNM stage 


I 


90 (62.1) 


30 (40.0) 


0.015 


TNM stage 


I 


96 (58.5) 


24 (42.9) 


0.046 




II 


19(13.1) 


16(21.3) 






II 


27(16.5) 


8 (14.3) 






III 


35 (24.1) 


27 (36.0) 






III 


40 (24.4) 


22 (39.3) 






IV 


1 (0.7) 


2 (2.7) 






IV 


1 (0.6) 


2(3.6) 





Values are presented as number (%). ESR = erythrocyte sedimentation 
rate; NLR = neutrophil-to-lymphocyte ratio; Hb = hemoglobin; CEA 
= carcinoembryonic antigen. *Below 10 mm/h in men and 20 mm/h 
in women. f P<0.05 was considered statistically significant. 



Values are presented as number (%). NLR = neutrophil-to-lymphocyte 
ratio; ESR = erythrocyte sedimentation rate; Hb = hemoglobin; CEA 
= carcinoembryonic antigen. *Below 2.15. f P<0.05 was considered 
statistically significant. 'Below 10 mm/h in men and 20 mm/h in 
women. 



tients were in the normal range. The median NLR was 1.82 (range, 
0.55-7.54). 

2. Correlation between the inflammatory parame- 
ters and clinicopathological factors 

Table 2 shows the relationship between ESR and NLR and clin- 
icopathological characteristics. Significant elevations of ESR were 
related to old age (more than 60 years) (P< 0.001), increased NLR 
(P=0.001), decreased Hb (P< 0.001), increased CEA (P=0.009), in- 
creased tumor size (PO.027) and advanced TNM stage (PO.015). 

Increased NLR was significantly correlated with old age (more 
than 60) (P=0.016), increased ESR (P=0.001) and advanced TNM 
stage (P=0.046) (Table 3). 




m 0.2- 



0.0 

0 1 2 3 4 5 

Years 

Fig. 1. Overall survival according to erythrocyte sedimentation rate 
(ESR) (P=0.023). 



3. Survival outcome 

Survival rate of 1 year, 3 years, 5 years were 86.1%, 68.0%, 
65.1%, respectively in the increased ESR group, and 93.4%, 84.0%, 
77.4%, respectively in the normal ESR group. There was a sta- 



tistically significant low survival rate in the increased ESR group 
(P=0.023) (Fig. 1). 

Survival rate of 1 year, 3 years, 5 years were 85.4%, 67.1%, 
62.5%, respectively in the increased NLR group and 93.2%, 82.4%, 
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74.4%, respectively in the normal NLR group. The increased NLR 
group showed a statistically significant low survival rate (P=0.018) 
(Fig. 2). 

In the univariate analysis, the other clinicopathological variables 
were associated with shorter overall survival, increased CEA (P 

< 0.001), increased CA19-9 (P< 0.001), increased tumor size (P 

< 0.001) and advanced TNM stage (P < 0.001). 

Multivariate analysis revealed that increased CEA (P=0.033) and 
TNM stage (P< 0.001) were independent prognostic factors for 
overall survival. Inflammatory parameters (ESR and NLR) did not 
show significance in the multivariate analysis in our study (Table 4). 

Discussion 

Inflammation may occur in over 15% of all malignancies, and 
the close relationship between inflammation and cancer is widely 
accepted. 2 ' 3 Cancers develop from involved DNA alteration which 




w 0.2- 



o.o t | t t 

0 1 2 3 4 5 

Years 

Fig. 2. Overall survival according to neutrophil-to-lymphocyte ratio 
(NLR) (P=0.018). 



is caused by phorbor ester, factors released at the site of wounding 
and inflammation. These factors induce cell proliferation, recruit 
inflammatory cells and reduce DNA repair. Subversion of cell 
death and repair programs occurs in chronically inflamed tissues, 
resulting in DNA replication and proliferation of cells that have lost 
normal growth control. 2 

In reverse, the growth and invasion of cancer induces local tis- 
sue damage and causes systemic acute phase responses and inflam- 
mation. The major role of the acute-phase response is to remove 
the cause from the body and to restore the initial status; however, if 
this response persists as it often does in the case of cancer, it con- 
tributes to the development of the pathology of the disease. 4 

Therefore, we hypothesized that the extent of systemic inflam- 
mation reflects the progression of cancer and the prognosis of pa- 
tients with cancer. 

The common biomarkers used for systemic inflammation are 
CRP and ESR CRP is a sensitive indicator of current disease ac- 
tivity for inflammation. In gastric cancer, an elevated CRP level was 
reported to be an indicator of disease progression and advanced 
stage. 1012 Some researchers suggested that CRP could be an inde- 
pendent prognostic factor in patients with gastric cancer. 5 ' 10 ' 12 

ESR is also used as an indicator of inflammation like CRP. 
Measurement of ESR is inexpensive and simple to perform. It takes 
less time for measurement than for CRP. 13 Feldman et al. 14 reported 
that ESR and CRP were very highly con-elated (P< 0.001). High 
ESR also has been found to correlate with overall poor prognosis 
for various types of cancer, including Hodgkin's disease, gastric 
carcinoma, renal cell carcinoma, breast cancer and mucosa associ- 
ated lymphoid tissue (MALT) lymphoma lymphoma 13,15 According 
to meta-analysis on renal cell cancer patients, ESR was revealed 
to be a better indicator of cancer-specific survival than CRP. 16 So, 



Table 4. Prognostic factors for overall survival 



Factor 


Univariate analysis 




Multivariate analysis 




(P-value*) 


P-value* 


Relative risk 


95% confidence interval 


Elevated ESR 


0.023 


0.260 


1.398 


0.781-2.504 


Increased NLR 


0.018 


0.600 


0.826 


0.404-1.688 


Increased CEA 


<0.001 


0.033 


2.094 


1.063-4.126 


Increased CA19-9 


<0.001 


0.052 


1.981 


0.993-3.952 


Increased tumor size 


<0.001 


0.066 


1.709 


0.965-3.027 


TNM stage 


<0.001 


<0.001 


8.481 


4.283-16.793 



ESR = erythrocyte sedimentation rate; NLR = neutrophil-to-lymphocyte ratio; CEA = carcinoembryonic antigen. *P<0.05 was considered 
statistically significant. 
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we expected the ESR to be a useful marker of inflammation and 
prognosis in gastric cancer patients. 

In our results, elevated ESR in the univariate analysis, was as- 
sociated with shorter overall survival (PO.023) although it could 
not be proved to be an independent prognostic factor. But signifi- 
cant elevations according to ESR were found related to increased 
NLR (PO.001), increased CEA (P=0.009), increased tumor size 
(PO.027) and advanced TNM stage (P=0.015). This means that the 
more advanced the tumor is, the more extensive the inflammation 
and the higher the ESR level. 

High NLR reflects an increased neutrophil and a decreased 
lymphocyte count. Post-traumatic migration of polymorphonuclear 
neutrophils (PMN) promotes healing of the injured site, but it can 
also enhance tumor recurrence. Therefore, preventing postopera- 
tive reflux of PMNs may reduce tumor recurrence. 17 Previously 
published studies have shown that lymphopenia is an independent 
prognostic factor for overall survival in several cancers. 18 Therefore, 
recently there has been increasing evidence that high NLR is a 
poor prognostic marker in colorectal cancer and gastric cancer. 7,18 

Also, in our results increased NLR was observed in patients 
with old age (more than 60 years old) (P=0.016), increased ESR 
(PO.001) and advanced TNM stage (P=0.046). The increased NLR 
group showed a statistically significant low survival rate in univari- 
ate analysis (P=0.018). But multivariate analysis failed to prove 
NLR to be an independent prognostic factor. 

This was a retrospective study, which is a limitation of our study. 
Second, we evaluated inflammatory factors only in the preoperative 
setting. Third, various factors which affect levels of inflammatory 
factors such as age, and concomitant infectious or rheumatologic 
diseases were not controlled for. Although we could not prove that 
ESR and NLR are independent prognostic factors, we think that 
a well-designed large-scale study investigating these factors and 
cancer is needed. 

In conclusion, our results indicated that preoperative elevated 
ESR and NLR could predict the advanced stage of gastric cancer. 
But this study could not confirmed the prognostic value of ESR 
and NLR in gastric cancer patients. 
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